S6K -dependent manner. It has been proposed that costameric proteins at Z bands may sense and transfer tension to these initiators of protein translation, but few candidates have been identified. The purpose of this study was to determine whether a role exists for the ␣7-integrin in the activation of hypertrophic signaling and growth following eccentric exercise training. Five-week-old, wild-type (WT) and ␣7BX2-integrin transgenic (␣7Tg) mice were randomly assigned to one of two groups: 1) sedentary (SED), or 2) exercise training (EX). Exercise training consisted of downhill running 3 sessions/wk for 4 wk (Ϫ20°, 17 m/min, 30 min). Downhill running was used to induce physiological mechanical strain. Twenty-four hours following the final training session, maximal isometric hindlimb plantar flexor force was measured. Gastrocnemius-soleus complexes were collected for further analysis of signaling changes, which included AKT, mTOR and p70 S6K , and muscle growth. Despite increased p70 S6K activity in WT/EX, no significant changes in cross-sectional area or force were observed in WT/EX compared with WT/SED. AKT, mTOR, and p70 S6K activation was higher, and whole muscle hypertrophy, relative muscle weight, myofibrillar protein, and force were significantly elevated in ␣ 7Tg/EX compared with ␣7Tg/SED. A marked increase in average myofiber cross-sectional area was observed in ␣ 7Tg/EX compared with all groups. Our findings demonstrate that the ␣ 7␤1-integrin sensitizes skeletal muscle to mechanical strain and subsequent growth. Thus the ␣ 7␤1-integrin may represent a novel molecular therapy for the treatment of disuse muscle atrophy.
A SINGLE BOUT OF ECCENTRIC exercise initiates ultrastructural degradation and an inflammatory response in human and animal skeletal muscle (5, 9, 13) . However, repeated bouts of eccentric exercise simultaneously create beneficial changes in skeletal muscle, including resistance to further injury (12) and accumulation of myofibrillar proteins, which can increase cross-sectional area (CSA) (20, 27, 40, 41) . Results from prior studies suggest that preferential growth following eccentric compared with concentric exercise (20, 40, 42, 43 ) is due to mechanical strain (22, 34, 49) .
Mechanical stimuli can increase p70 S6K phosphorylation in a rapamycin-sensitive and mammalian target of rapamycin (mTOR)-dependent manner (4, 17, 25, 26, 30, 37) , leading to increased initiation of protein translation in skeletal muscle. Stretch-stimulated protein accumulation and growth can occur in cultured myotubes in the complete absence of systemic factors (48, 49) , and load-induced increases in p70 S6K phosphorylation and growth can occur in a phosphoinositide 3-kinase-and protein kinase B (PKB/ AKT)-independent manner (22, 26, 37) , providing evidence that elevated translational efficiency during exercise is not dependent on systemic factors or nutrients (insulin, insulinlike growth factor-1). In addition, levels of growth hormone and insulin-like growth factor-I in the blood do not always correlate with enhanced protein synthesis in humans following eccentric exercise (51) . It is clear that mTOR and p70 S6K are intricately involved in the initiation of growth with mechanical strain (21, 22 ), yet the upstream regulators of these signaling molecules are not well defined. Thus it is important to identify intrinsic factors in muscle that have the potential to sense tension and convert mechanical signals into molecular events that regulate growth.
West et al. (50) provides a concise overview of the limited candidate molecules that have the potential to sense and transmit tension across the sarcolemma, including phosphatidic acid (PA) and/or costameric proteins, such as focal adhesion kinase (FAK). PA, a lipid second messenger generated by the enzymatic activation of phospholipase D at the sarcolemma, which is synthesized in tibialis anterior muscle in response to ex vivo eccentric contractions and addition of the phospholipase D-PA inhibitor 1-butanol, can sufficiently block downstream p70 S6K activation (23, 39) . FAK phosphorylation on tyrosine 397 is increased in response to mechanical loading upon transient transfection of FAK, and this occurs before p70 S6K activation and increased fiber growth (14, 28) . These studies have shed light on the mechanisms responsible for p70 S6K -mediated growth in response to mechanical strain. However, PA, FAK, and other unidentified costameric proteins may work together in a coordinated fashion to regulate p70 S6K signaling, and all of the players in this complex have yet to be defined.
Integrins are heterodimeric transmembrane receptors that allow cells to adhere to the extracellular matrix, providing the opportunity for cellular stabilization and the ability to transmit mechanical and chemical information from the outside of the cell to the inside (45) . The ␣ 7 ␤ 1 -integrin is highly expressed in skeletal muscle and provides an important link between laminin in the basement membrane and the inner actin cytoskeleton at the costamere (3). Congenital myopathies caused by mutations in the ␣ 7 gene (ITGA7) in humans confirm a critical role for ␣ 7 -integrin in skeletal muscle (19) , and enhanced expression of the ␣ 7 ␤ 1 -integrin in skeletal muscle of mice with a severe form of muscular dystrophy (mdx/utr Ϫ/Ϫ ) slows development of muscle pathology and markedly extends longevity (11) . Although the precise mechanism by which the ␣ 7 -integrin protects against muscle disease is not known, p70 S6K phosphorylation is preferentially increased, and fiber hypertrophy has been observed in mdx/utr Ϫ/Ϫ mice overexpressing the ␣ 7 -integrin transgene (8, 10) . Thus the ␣ 7 -integrin may represent a novel intrinsic factor that can regulate growth in skeletal muscle.
We previously reported that muscle creatine kinasedriven expression of the ␣ 7 -integrin in wild-type (WT) mice suppresses hypertrophic signaling in the early time course (immediately, 3 h) following an acute bout of eccentric exercise in the form of downhill running. Our laboratory's (6) more recent study demonstrates the ability for the ␣ 7 -integrin to accelerate myogenesis and fiber hypertrophy following a single bout of downhill running, with rapid accumulation of Pax7 ϩ satellite cells and increased mTOR phosphorylation 1 day following exercise (32) . The adaptations in ␣ 7 Tg muscle were unexpected, given the acute nature of the stimulus, and suggest that the presence of the ␣ 7 -integrin sensitizes muscle to mechanical strain-induced growth. In light of these results, we hypothesized that the presence of the ␣ 7 -integrin would increase fiber hypertrophy and whole muscle size following repeated bouts of eccentric exercise. The purpose of this study was to elucidate the extent to which the ␣ 7 -integrin regulates hypertrophic signaling and muscle growth in response to 4 wk eccentric exercise training in the form of downhill running.
MATERIALS AND METHODS
Animals and downhill running exercise. Transgenic mice overexpressing the ␣ 7BX2-integrin in skeletal muscle (SJ6/C57BL6: MCK-␣7BX2) were produced at the University of Illinois Transgenic Animal Facility, as described (6, 11) . WT littermates were used as controls. Mice were housed in a temperature-controlled specific pathogen-free animal room maintained on a 12:12 light-dark cycle at the animal facility at the University of Illinois. The animals were fed standard laboratory chow and water ad libitum. Five-week-old female WT (n ϭ 10) and ␣ 7Tg mice (n ϭ 11) were randomly assigned to a sedentary (SED) or exercise training (EX) group. Exercise training consisted of downhill running 3 times/wk (Monday, Wednesday, and Friday) for 4 wk (Ϫ20°, 17 m/min, 30 min) on a treadmill (Exer-6M, Columbus Instruments). Speed was gradually increased from 10 to 17 m/min over the course of the first 2 min as a warm-up period for every running session. Protocols for animal use were approved by the Institutional Animal Care and Use Committee of the University of Illinois at Urbana-Champaign and followed the animal care guidelines of the American Physiological Society.
Contractile force measurements. Twenty-four hours following the final training session, maximal isometric hindlimb plantar flexor force was measured in the fasted state (fasting began 12 h prior). Force was measured using a dual-mode lever system as described (35) . Briefly, mice were fully anesthetized by intraperitoneal administration of 100 mg/kg ketamine and 10 mg/kg xylazine before electrical stimulation of the sciatic nerve at 250 Hz for 1.5 s. Muscle forces were collected using a servomotor and analog control unit (model 305C-LR, Aurora Scientific, Aurora, ON). Stimulation was repeated nine times with 5-s recovery periods, for a total of 10 measurements. The values of maximal force output were normalized to muscle mass (g/g). Immediately following force measurements, gastrocnemius-soleus complexes from the stimulated limb were rapidly dissected and frozen in liquid nitrogen-cooled isopentane for immunohistochemistry studies, whereas muscles from the contralateral limb were directly frozen in liquid nitrogen for immunoblotting analysis.
Western blot analysis. Frozen gastrocnemius-soleus complexes from WT and ␣ 7Tg mice were manually ground with a mortar and pestle. Powdered tissue was homogenized in ice-cold buffer containing 20 mM HEPES (pH ϭ 7.4), 2 mM EGTA, 50 mM ␤-glycerophosphate, 1 mM dithiothreitol, 1 mM Na 3VO4, 1% Triton X-100, and 10% glycerol, supplemented with 10 M leupeptin, 3 mM benzamidine, 5 M pepstatin A, 1 mM phenylmethylsulfonyl fluoride, and 10 g/ml aprotinin. The homogenates were rotated at 4°C for 1 h and centrifuged at 14,000 g for 15 min at 4°C, and supernatant was removed as the detergent-soluble fraction. Protein concentration was determined with the Bradford protein assay using bovine serum albumin (BSA) for the standard curve.
Equal amounts of protein (60 g) were reduced, separated by SDS-PAGE using 6 -8% acrylamide gels, and transferred to nitrocellulose membranes. Equal protein loading was verified by Ponceau S staining. Membranes were blocked in Tris-buffered saline (pH 7.8) containing 5% BSA, incubated with the appropriate phospho-specific antibody (1:1,000), and subsequently rinsed, blocked, and reprobed with an antibody to determine total protein (Cell Signaling Technology, Danvers, MA). Horseradish peroxidase-conjugated anti-rabbit secondary antibodies (Jackson ImmunoResearch Laboratories, West Grove, PA) were applied for 1 h at 1:2,000. The rat ␣ 7B-integrin cytoplasmic domain was detected by incubating membranes in purified ␣7 CDB 347 polyclonal rabbit anti-rat antibody (1:1,000) for 1 h (45). Bands were detected using SuperSignal West Dura Extended Duration Substrate (Thermo Scientific, Rockford, IL) and a Bio-Rad ChemiDoc XRS system (Bio-Rad, Hercules, CA). Quantification was completed using Quantity One software (Bio-Rad).
Assessment of myofibrillar protein. All procedures for the myofibrillar extractions were performed on ice or at 4°C, as previously described (47) . A small distal (30 -60 mg) portion of sample was cut from the frozen muscle using a cold razor blade. The sample was quickly weighed on a balance. The weighed samples were manually ground with a mortar and pestle into powder and followed by homogenization in 20 volumes of a 250 mM sucrose buffer (250 mM sucrose, 100 mM KCl, 5 mM EDTA, and 10 mM Tris, pH 6.8).
Extracts were centrifuged at 3,000 g for 5 min, and the supernatant was discarded. The pellet was suspended in 10 volumes of a 0.5% Triton X-100 solution (150 mM KCl, 0.5% Triton X-100, and 10 mM Tris, pH 6.8), which is a modification of the solution described by Solaro et al. (44) . The suspension was homogenized and centrifuged at 3,000 g for 10 min. The resultant pellet was rinsed with 10 volumes of wash buffer (150 mM KCl and 20 mM Tris, pH 7.0) to remove excess Triton X-100 solution. The pellet was then suspended in 10 volumes of the wash buffer. Protein concentration was determined with the Bradford protein assay using BSA for the standard curve.
Immunohistochemistry. Muscles were divided in one-half along the axial plane and embedded in OCT (Tissue-Tek; Fisher Scientific), and transverse cryosections (8 m) were cut from the center (3 sections per sample, separated by 100 m) using a CM1850 cryostat (Leica, Wezlar, Germany). Sections were placed on frozen microscope slides (Superfrost; Fisher Scientific, Hanover Park, IL) and stored at Ϫ80°C before staining.
To assess myofiber CSA, membranes were outlined by immunostaining for the ␣7-integrin. Slides were fixed in acetone for 5 min and blocked with PBS containing 5% BSA before incubation with ␣7CDB antibody (45) . FITC-labeled donkey anti-rabbit (1:100) (Jackson ImmunoResearch) was used to detect the integrin. The elimination of the primary antibody was included as a negative control in all immunohistochemistry, and assessments were made only if background stain-ing was absent. Slides were mounted using Vectashield containing DAPI (Vector Laboratories) and examined blindly with a Leica DMRXA2 microscope (using the ϫ20 objective). Images were captured using a ZeissAxioCam digital camera and Axiovision software (Zeiss, Thornwood, NY). Fiber CSA was acquired using the advanced measurements component of Axiovision software on images obtained with a ϫ20 objective. Mean CSA was obtained by measuring the areas of 1,000 fibers from each animal.
For evaluation of whole muscle hypertrophy, images were obtained from ␣ 7-integrin-stained sections using a ϫ5 objective. Due to the large size of the muscle cross sections from the center of the gastrocnemius, 10 -20 images were obtained from each section and reconstructed into a single image with Adobe Photoshop, using transparency settings to overlay the images using morphological markers. The mean whole muscle CSA was then calculated for three sections/ animal using Axiovision software.
Statistical analysis. All averaged data are presented as means Ϯ SE. To determine significance, comparisons between groups were performed by two-way ANOVA to determine whether an interaction effect was observed for group and time. Tukey (␣ 7-integrin protein, fiber CSA, whole muscle CSA, body weight changes, muscle mass, total protein, myofibrillar protein) or the least significant difference (isometric force, signaling) analyses were performed when appropriate interaction or main effects were found. All calculations were performed with SPSS statistical software (16.0, Chicago, IL). Differences were considered significant at P Ͻ 0.05.
RESULTS
␣ 7 -Integrin is not altered in WT mice following exercise training. Total ␣ 7 -integrin protein was increased six-to sevenfold in ␣ 7 Tg mice compared with WT, with no further enhancement observed in either group following the 4-wk training period (Fig. 1A) . Immunofluorescence analysis of muscle cross sections verified localization of endogenous and transgenic ␣ 7 -integrin at the sarcolemma and sarcoplasm of ␣ 7 Tg muscle fibers, with highly concentrated protein observed at the membrane in enlarged fibers (Fig. 1B) .
␣ 7 -Integrin positively influences hypertrophic signaling following eccentric exercise training. AKT-mTOR-p70 S6K signaling has been shown to play an integral role in the initiation of protein synthesis following mechanical stimuli (21, 22) . Despite the repeated exposure to eccentric exercise, total amounts of AKT, mTOR, and p70 S6K protein were unaltered in both WT and ␣ 7 Tg muscle 24 h following the 4-wk training period, as assessed by both immunoblotting and Ponceau S staining (Fig. 2, A and B) . AKT and mTOR phosphorylation remained unchanged, yet a 50% (P Ͻ 0.05) increase in p70 S6K phosphorylation was observed in WT/EX compared with WT/ SED (Fig. 2B ). Phosphorylation and activation of all three proteins were increased following training in ␣ 7 Tg/EX compared with ␣ 7 Tg/SED (AKT, 1.7-fold; mTOR, 2.0-fold; and p70 S6K , 1.3-fold) (P Ͻ 0.05) (Fig. 2B) . ␣ 7 -Integrin promotes myofiber and whole muscle enlargement following eccentric exercise training. Extensive analysis of muscle CSA in 1,000 individual fibers per animal revealed marked increases in ␣ 7 Tg fibers compared with WT in both the sedentary and posttraining conditions. In sedentary and trained WT muscle, fibers were predominantly small, with the majority measuring 0 -500 or 500 -1,000 m 2 (Fig. 3A) . The presence of the ␣ 7 -integrin in the muscle increases the proportion of large-caliber fibers, with relatively few small fibers observed in the sedentary state compared with WT/SED (Fig. 3B) . We specifically noted a robust elevation in the percentage of fibers, ranging 2,000 to 3,000 m 2 in ␣ 7 Tg muscle, both in the sedentary state and postexercise (Fig. 3C ). Differences were observed between group and time for the percentage of fibers, ranging 2,000 to 3,000 m 2 . A 12-fold increase was observed in ␣ 7 Tg/EX compared with WT/EX and a 2.5-fold increase compared with ␣ 7 Tg/SED (P Ͻ 0.001). Mean myofiber CSA was increased 2.1-fold in ␣ 7 Tg/SED compared with WT/SED and was increased 40% in ␣ 7 Tg/EX compared with ␣ 7 Tg/SED (1,790.3 Ϯ 141.9 vs. 1,280.8 Ϯ 62.25 m 2 ) (P Ͻ 0.01) (Fig.  3D) . Whole muscle CSA was increased ϳ30% in ␣ 7 Tg/ EX compared with both WT/SED and WT/EX (P Ͻ 0.05) (Fig. 4B) .
␣ 7 -Integrin enhances muscle force production following eccentric exercise training. No group differences in body weight or absolute muscle weight occurred during 4 wk of eccentric exercise training (Fig. 5A , absolute muscle weight data not shown). Under sedentary conditions, muscle mass relative to body mass was similar between WT (5.69 Ϯ 0.16 mg/g) and ␣ 7 Tg mice (5.48 Ϯ 0.05 mg/g). Relative muscle mass was higher in ␣ 7 Tg mice compared with their SED counterparts after 4 wk of eccentric exercise training (P Ͻ 0.05) (Fig. 5B) , whereas no significant change was found in WT mice after training. Myofibrillar protein content expressed relative to muscle weight (mg/mg) was increased 98% in ␣ 7 Tg/EX compared with WT/EX and 2.3-fold compared with ␣ 7 Tg/SED (P Ͻ 0.05) (Fig. 5C) . Consistent with the increase in myofibrillar content, a 25% improvement in maximal isometric force was apparent in ␣ 7 Tg/EX compared with ␣ 7 Tg/ SED when normalized to muscle mass (g/g) (169.2 Ϯ 12.1 vs. 210.8 Ϯ 9.8 g/g) (P Ͻ 0.05) (Fig. 5D ).
DISCUSSION
Our laboratory recently reported that the ␣ 7 -integrin accelerates myogenesis and myofiber hypertrophy following an acute bout of eccentric exercise (32) , suggesting an intrinsic role for this structural protein in exercise-induced muscle growth. This study is the first to investigate the extent to which overexpression of the ␣ 7 BX2-transgene increases hypertrophic signaling, fiber size, and whole muscle growth following multiple bouts of downhill running. Whereas minimal changes were noted in WT muscle in response to downhill running exercise, myofiber CSA, whole muscle CSA, relative muscle weight, myofibrillar protein content, and maximal isometric force were significantly elevated in ␣ 7 Tg muscle following training compared with SED counterparts. AKT, mTOR, and p70 S6K were also activated in ␣ 7 Tg muscle postexercise and may underlie the beneficial adaptations observed in this study.
Downhill running can initiate a regenerative response in WT mouse muscle (1), consistent with our recently acquired data (32) . Resistance training can increase p70 S6K signaling (34, 51) , and endurance training can enhance mTOR phosphorylation (2) in human skeletal muscle. However, we are not aware of any studies that have examined hypertrophic signaling, myofiber size, muscle mass, or force in mice or humans following downhill run training. The results provided here do not support the presence of hypertrophy in WT muscle with 4 wk of downhill run training. Significant increases in p70 S6K phosphorylation and a shift toward larger caliber fibers indicate potential for adaptation to downhill running. Most studies in the literature do not show evidence of increased muscle strength until 6-to 12-wk eccentric resistance exercise training (18, 38) . It is possible that additional weeks of downhill run training might elicit a more optimal growth response in WT mouse muscle, but adaptations to regular running may preclude substantial increases in muscle growth and strength that would normally occur as a result of lengthening contractions.
In contrast to the lack of hypertrophy observed in WT muscle, parameters of signaling and growth were consistently increased in ␣ 7 Tg muscle in response to multiple bouts of eccentric exercise. The mean myofiber CSA was approximately the same after repeated bouts (1,790 m 2 ) compared with a single bout of downhill running exercise (1,734 m 2 ) reported in our laboratory's previous study (32) ; however, the distribution of fiber sizes was altered following training with a lower percentage of 1,000 -2,000 m 2 fibers and an increase in the percentage of fibers measuring 2,000 -3,000 m 2 . Whole muscle CSA was enhanced following training (16, 176 ,580 m 2 ) vs. an acute bout (14,013,766 m 2 ). Myofibrillar protein was likewise substantially increased following training. Whereas 40 -200% increases in plantaris weight are standard within a couple of weeks following synergistic ablation (36, 37), we do not observe similar dramatic increases in gastrocnemius-soleus weight (ϳ11% increase). We would have predicted higher muscle weight and force in ␣ 7 Tg muscle compared with WT muscle based on the marked increases in fiber CSA, whole muscle CSA, and myofibrillar protein postexercise. In addition, while p70 S6K phosphorylation and mean myofiber CSA were elevated in ␣ 7 Tg/SED compared with WT/SED, muscle weight and isometric force were not different between these groups. We cannot account for the discrepancies in ␣ 7 Tg/SED. However, the relatively lower weight reported in this study for ␣ 7 Tg/EX compared with other studies that use mechanical overload may result from alterations in muscle metabolism and tissue composition caused by endurance exercise. Loaded wheel running provides similar small changes in muscle weight (ϳ20%) (29) . Application of an appropriate weight-bearing model, such as synergistic ablation to ␣ 7 Tg mouse muscle, would likely resolve these discrepancies. Despite this limitation, it is clear that the ␣ 7 -integrin can significantly increase hypertrophic signaling, muscle fiber size, and myofibrillar protein synthesis in response to downhill running. Future molecular therapies focused on the use of the ␣ 7 -integrin to combat muscle atrophy will likely need to incorporate mechanical strain or alternative methods to activate the integrin and optimally restore function.
Skeletal muscle damage can occur as a result of eccentric exercise in both humans and animals (5, 9, 13) , as manifested by immediate and delayed injury to the sarcolemma, disruption of the excitation-contraction coupling complex, muscle soreness, and prolonged strength loss (13, 15) . Whereas injury is clearly evident in WT muscle following a single bout of downhill running, muscle overexpressing the ␣ 7 -integrin transgene is protected from membrane damage, deficits in isometric force, and macrophage accumulation (6, 32) . Reduced injury in ␣ 7 Tg muscle likely creates a healthy microenvironment that is conducive to growth, making it difficult to distinguish whether the ␣ 7 ␤ 1 -integrin primarily acts as a mechanosensor, directly converting tension into molecular events that initiate increased protein synthesis, or simply serves a permissive role in fiber growth. It is likely that ␣ 7 -integrin tethers laminin to the actin cytoskeleton as an internal mechanism to resist mechanical force and injury and that increased ␣ 7 -integrin activation in the form of increased adhesion has direct consequences for signaling events inside muscle. Interestingly, actin disruption with cytochalasin D has been shown to inhibit strain-induced increases in p70 S6K phosphorylation in myotubes (21) . Support for this hypothesis is also evident in a study by Klossner et al. (28) , showing elevated p70 S6K activation following in vivo plasmid transfer of the integrin-associated FAK. Whether the ␣ 7 -integrin influences PA accumulation in skeletal muscle is not known, but is worthy of further investigation (23, 39) . Our upcoming in vitro experiments utilizing ␣ 7 -integrin-overexpressing primary myotubes should be able to address the extent to which the ␣ 7 ␤ 1 -integrin can become activated by mechanical strain and influence FAK activation, PA synthesis, and/or the downstream p70 S6K signaling response. Although our laboratory previously reported increases in ␣ 7 -integrin RNA and protein following a single bout of eccentric exercise (7), we did not observe elevations in ␣ 7 -integrin protein with multiple bouts in WT muscle. These data suggest that upregulation of the integrin following exercise may be transient, and newly synthesized protein may be less important to the prevention of injury and sustained intracellular signaling than increased adhesion; however, we suspect that ␣ 7 -integrin protein may have been upregulated in muscle postexercise training, but not detected in this study as a result of the detergent used for extraction (Triton-X). We are currently examining ␣ 7 -integrin protein in tissues extracted with SDS detergent to determine whether ␣ 7 -integrin is recovered in the cytoskeletal fraction as a result of increased adhesion. Increased amount and affinity of the ␣ 7 -integrin to extracellular matrix and actin may serve to decrease protein degradation and contribute to net increases in protein synthesis following longterm resistance training (33, 50) .
This study provides the first demonstration that the ␣ 7 ␤ 1 -integrin increases AKT-mTOR-p70 S6K signaling and muscle hypertrophy following eccentric exercise training in mice. The ␣ 7 ␤ 1 -integrin may represent a critical intrinsic factor in muscle that initiates signaling events, leading to efficient exercise-induced muscle growth. Further studies are necessary to elucidate the molecular events linking ␣ 7 -integrin activation with protein synthesis in skeletal muscle following eccentric exercise.
ACKNOWLEDGMENTS
We thank Dr. Charlotte Peterson, University of Kentucky, for insightful comments regarding our work and providing the protocol to evaluate myofibrillar protein. 
GRANTS

DISCLOSURES
No conflicts of interest, financial or otherwise, are declared by the author(s). 
